TABLE I: LIST OF THE TOPICS COVERED IN VECTOR MECHANICS FOR ENGINEERS: STATICS 


Sections 


Topics 


Basic Course 


Suggested Number of Periods 


Additional Abridged Course to be 


Topics used as an introduction 


to dynamics t 


1l. INTRODUCTION 


1.1-6 


This material may be used for the first assignment 


or for later reference 


2. STATICS OF PARTICLES 


2.1 
2.2 
23 
2.4 
2.5 


3. RIGID BODIES: EQUIVALENT SYSTEMS OF FORCES 


3.1 

3.2 

3.3 

3.4A-4C 
*3.4D 


Addition and Resolution of Forces 
Rectangular Components 
Equilibrium of a Particle 

Forces in Space 

Equilibrium in Space 


Vector Product; Moment of a Force about a Point 
Scalar Product; Moment of a Force about an Axis 
Couples 

Equivalent Systems of Forces 

Reduction of a Wrench 


4. EQUILIBRIUM OF RIGID BODIES 


4.1A-1B 
4.1C 

4.2 

4.3 


Equilibrium in Two Dimensions 
Indeterminate Reactions; Partial Constraints 
Two- and Three-Force Bodies 

Equilibrium in Three Dimensions 


5. CENTROIDS AND CENTERS OF GRAVITY 


5.1 
5.2 
5.3 
5.4 


Centroids and First Moments of Areas and Lines 
Centroids by Integration 

Beams and Submerged Surfaces 

Centroids of Volumes 


6. ANALYSIS OF STRUCTURES 


6.1A-1B 
*6.1C 
*6.1D 

6.2A 

6.2B 

6.3 

6.4 


Trusses by Method of Joints 

Joints under Special Loading Conditions 
Space Trusses 

Trusses by Method of Sections 
Combined Trusses 

Frames 

Machines 


7. INTERNAL FORCES AND MOMENTS 


7.1 Internal Forces in Members 
7.2 Shear and Moment Diagrams by FB Diagram 
7:3 Shear and Moment Diagrams by Integration 
*74 Cables with Concentrated Loads; Parabolic Cable 
7.9 Catenary 
8. FRICTION 
8.1 Laws of Friction and Applications 
8.2 Wedges and Screws 
*8.3 Axle and Disk Friction; Rolling Resistance 
8.4 Belt Friction 
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1-1.5 


TY 
о ш 


0.5-1 
0.5-1 
1 
1 
1 
1-2 
1-2 
1 
1-1.5 
0.5-1 
1.5-2 
2 
1-1.5 
0.25-0.5 
0.5-1 
0.25-0.5 
1-2 
0.5-1.5 
1 
1-2 
1-2 
1-2 
1 
1-2 
1-2 


9. MOMENTS OF INERTIA 


9.1 Moments of Inertial of Areas 1 
9.2 Composite Areas 1-2 
*9.3 Products of Inertia; Principal Axes 1-2 
*94 Mohr's Circle 1 
9.5 Moments of Inertia of Masses? 1-2 
*9.6 Mass Products of Inertia; Principal Axes and Principal 1-2 
Moments of Inertia 
10. METHOD OF VIRTUAL WORK 
10.1A-1C Principle of Virtual Work 1-2 
10.1D Mechanical Efficiency 0.5-1 
10.2 Potential Energy; Stability 1-1.5 
Total Number of Periods 26-39 15-26 14-21 


+ A sample assignment schedule for a course in dynamics including this minimum amount of introductory material in statics is given Table V. It is 


recommended that a more complete statics course, such as the one outlined in Tables III and IV of this manual, be used in curricula which include 
the study of mechanics of materials. 


# Mass moments of inertia have not been included in the basic statics course since this material is often taught in dynamics. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS 


Problem Number* 
SI Units U.S. Units Problem Description 


CHAPTER 2: STATICS OF PARTICLES 


FORCES IN A PLANE 


Resultant of concurrent forces 


2.1, 3 2.2, 4 graphical method 

2.5, 8 2.6, 7 law of sines 

2.9, 10 2.11, 12 

2.14 2.13 special problems 

2.16, 18 2.15, 17 laws of cosines and sines 
2.19, 20 


Rectangular components of force 


2.22, 23 2.21, 24 simple problems 
2.25, 27 2.26, 28 more advanced problems 
2.29, 30 
2.32, 34 2.31, 33 Resultant by ХЕ = 0, ХЕ = 0 
2.35, 36 2.37, 38 | 
2.39,40 2.41, 42 Select force so that resultant has a given direction 
2.F 1, F4 2.F 2, F3 Free Body Practice Problems 
Equilibrium. Free-Body Diagram 
2.44, 45 2.43, 48 equilibrium of 3 forces 
2.46, 47 
2.49, 50 2.51, 52 equilibrium of 4 forces 
2.53, 54 2.55, 56 
2.57, 58 2.59, 60 find parameter to satisfy specified conditions 
2.61, 62 2.63, 64 
2.65, 66 2.67, 68 special problems 
2.69, 70 


FORCES IN SPACE 


Rectangular components of a force in space 


2.71, 72 2.75, 76 given F,0, and o, find components and direction angles 
2.73, 74 2.77, 78 
2.80, 82 2.81, 82 relations between components and direction angles 
2.83, 84 
2.85, 86 2.87, 88 direction of force defined by two points on its line of action 
2.89, 90 
2.91, 92 2.93, 94 resultant of two or three forces 
2.95, 96 2.97, 98 
2.F5, F6 2.F7, F8 Free Body Practice Problems 

Equilibrium of a particle in space 
2.99, 100 2.103, 104 load applied to three cables, introductory problems 
2.101, 702 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 
2.107, 108 2.105, 106 intermediate problems 
2.109, 110 2.111,112 

2.115, 116 2.113, 114 advanced problems 
2.117, 118 2.119, 120 

2.121, 122 2.123, 124 problems involving cable through ring 
2.125, 126 special problems 
2.127, 131 2.128, 129 Review problems 

2.132, 134 2.130, 133 

2.135, 136 2.137, 138 

2.C1, C3 2.C2 Computer problems 

2.C4 2.C5 


CHAPTER 3: RIGID BODIES: EQUIVALENT SYSTEMS OF FORCES 


Moment of a force about a point: Two dimensions 


3.1, 2 3.3,6 introductory problems 
3.4, 5 3.7,8 
3.9, 10 3.11, 12 direction of a force defined by two points on its line of action 
3.13, 14 
3.15 derivation of a formula 
3.17, 18 3.16 applications of the vector product 
Moment of a force about a point: Three dimensions 

3.19 3.20 computing M =r x F, introductory problems 
3.21, 23 3.22, 25 computing M — r x F, more involved problems 
3.24, 26 
3.28, 29 3.27, 30 using M to find the perpendicular distance from a point to a line 
3.32, 33 3.31, 34 
3.35 3.36 Scalar Product 
3.37, 38 3.39, 40 Finding the angle between two lines 
3.41, 42 3.43, 44 
3.45 3.46 Mixed triple product 
3.47, 48 3.49, 50 Moment of a force about the coordinate axes 
3.51, 52 3.53, 54 
3.57, 58 3.55, 56 Moment of a force about an oblique axis 
3.59, 60 3.61, 62 

3.63 
*3.66, *67 *3.64, *65 Finding the perpendicular distance between two lines 
*3.68, *69 
3.70, 71 3.72, 73 Couples in two dimensions 
3.74 
3.78, 79 3.75, 76 Couples in three dimensions 

3.77, 80 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 
3.81, 83 3.82, 84 Replacing a force by an equivalent force-couple system: two dimensions 
3.85, 86 
3.87, 88 3.89, 91 Replacing a force-couple system by an equivalent force or forces 
3.90, 92 
3.93, 95 3.94, 97 Replacing a force by an equivalent force-couple system: three dimensions 
3.96, 98 3.99, 100 
3.101, 102 3.104 Equivalent force-couple systems 
3.103 
3.107 3.105, 106 Finding the resultant of parallel forces: two dimensions 
3.110, 111 3.108, 109 Finding the resultant and its line of action: two dimensions 
3.116, 117 3.112, 113 
3.118 3.114, 115 
3.119, 120 3.121, 122 Reducing a three-dimensional system of forces to a single force-couple system 
3.124, 125 3.123, 126 
3.127, 128 3.129, 130 Finding the resultant of parallel forces: three dimensions 
*3.131,*132 
Reducing three-dimensional systems of forces ог forces and couples to a wrench 
*3.133, *135 *3.134, *136 axis of wrench is parallel to a coordinate axis or passes through O 
*3.137 force-couple system parallel to the coordinate axes 
*3.139, 140 *3.138 general, three-dimensional case 
*3.141 *3.142 special cases where the wrench reduces to a single force 
*3.143, *144 *3.145, *146 special, more advanced problems 
3.147, 148 3.149, 150 Review problems 
3.151, 153 3.152, 154 
3.156, 157 3.155, 158 
3.C1, C4 3.C2, C3 Computer problems 
3.C5 3.C6 


CHAPTER 4: EQUILIBRIUM OF RIGID BODIES 


EQUILIBRIUM IN TWO DIMENSIONS 


4.F 1, F4 4.F2, F3 Free Body Practice Problems 

4.1,2 4.3,4 Parallel forces 

4.5,6 4.7, 8 

4.9, 10 4.12, 14 Parallel forces, find range of values of loads to satisfy multiple criteria 
4.11, 13 

4.15, 16 4.17, 18 Rigid bodies with one reaction of unknown direction and one of known direction 
4.19, 20 

4.22, 25 4.21, 23 

4.26, 28 4.24, 27 

4.29, 30 4.33, 34 

4.31, 32 

4.35, 36 4.37, 38 Rigid bodies with three reactions of known direction 

4.39, 40 4.41, 42 

4.45, 46 4.43, 44 Rigid bodies with a couple included in the reactions 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 

4.47, 50 4.48, 49 

4.51, 52 4.53, 54 Find position of rigid body in equilibrium 
4.56, 58 4.55, 57 

4.59 4.60 Partial constraints, statical indeterminacy 


Three-force bodies 


4.62, 63 4.61, 64 simple geometry, solution of a right triangle required 
4.65, 67 4.66, 68 simple geometry, frame includes a two-force member 
4.69, 70 4.71, 72 more involved geometry 

4.73, 74 

4.75, 76 4.71, 79 

4.78, 81 4.80 

4.82 

4.83, 84. 4.86, 87 find position of equilibrium 

4.85, 88 4.89, 90 


EQUILIBRIUM IN THREE DIMENSIONS 


4.F6, F7 4.F5 Free Body Practice Problems 
4.91, 92 4.93, 94 Rigid bodies with two hinges along a coordinate axis and 
4.95, 96 an additional reaction parallel to another coordinate axis 
4.99, 100 4.97, 98 Rigid bodies supported by three vertical wires or by vertical reactions 
4.101, 102 4.103, 104 
4.106, 107 4.105, 110 Derrick and boom problems involving unknown tension in two cables 
4.108, 109 4.111,112 
4.113, 114 4.115, 116 Rigid bodies with two hinges along a coordinate axis and an additional 
4.117, 118 reaction not parallel to a coordinate axis 
4.119, 122 4.120, 121 Problems involving couples as part of the reaction at a hinge 
4.123, 124 4.125, 126 Advanced problems 
4.129, 130 4.127, 128 
4.131, 132 
4.133, 134 4.135, 136 Problems involving taking moments about an oblique line passing 
4.138, 139 4.137, 140 through two supports 
4.141 
4.144, 145 4.142, 143 Review problems 
4.146, 148 4.147, 149 
4.150, 153 4.151, 152 
4.C2, C5 4.C1, СЗ Computer problems 
4.C6 4.C4 


CHAPTER 5: DISTRIBUTED FORCES: CENTROIDS AND CENTERS OF GRAVITY 


Centroid of an area formed by combining 


5.1,3 5.2 rectangles and triangles 

5.4 

5.6, 9 5.3.7 rectangles, triangles, and portions of circular areas 
5.8 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 


https://gioumeh.com/product/vectoFimechanics-—for-engineers-solution/ 


TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 

5.11, 12 5.10, 13 triangles, portions of circular or elliptical areas, and areas of analytical 
5.14, 15 functions 

5.16, 17 5.18, 19 Derive expression for location of centroid 

5.20, 22 5.21, 23 First moment of an area 

5.24, 25 5.26, 27 Center of gravity of a wire figure 

5.29, 30 5.28, 33 Equilibrium of wire figures 

5.31, 32 Find dimension to maximize distance to centroid 


Use integration to find centroid of 


5.36 5.34, 35 simple areas 
5.37, 38 5.39 areas obtained by combining shapes of Fig. 5.8A 
5.40 5.41 
5.42 parabolic area 
5.43 5.44 areas defined by different functions over the interval of interest 
5.45, 46 *5.47 homogeneous wires 
*5.48, *49 areas defined by exponential or cosine functions 
5.50, 51 areas defined by a hyperbola 
Find areas or volumes by Pappus - Guldinus 
5.52, 54 5.53, 56 rotate simple geometric figures 
5.55, 57 
5.60, 61 5.58, 59 practical applications 
5.64, *65 5.62, 63 


Distributed load on beams 


5.66, 67 resultant of loading 
5.71 5.68, 69 reactions at supports 

5.70 
5.73 5.72 parabolic loadings 
5.74, 75 5.76, 77 special problems 
5.78, 79 

Forces on submerged surfaces 

5.81, 82 5.80, 84 reactions on dams or vertical gates 
5.83, 86 5.85 
5.87 
5.88, 89 5.90, 91 reactions on non-vertical gates 
5.92, 93 5.94, 95 


Centroids and centers of gravity of three-dimensional bodies 


5.98, 99 5.96, 97 composite bodies formed from two common shapes 
5.100, 701 5.102, 103 composite bodies formed from three or more elements 
5.104, 105 
5.106, 107 5.108, 109 composite bodies formed from a material of uniform thickness 
5.110, 113 5.111, 712 
5.114, 116 5.115, 117 composite bodies formed from a wire or structural shape of uniform cross 
section 
5.118, 121 5.119, 120 composite bodies made of two different materials 
use integration to locate the centroid of 
5.122 5.123, 124 standard shapes: single integration 
5.125, 126 *5.128, *129 bodies of revolution: single integration 
5.127 
5.132 *5.130, 131 special applications: single integration 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 
5.133, *134 bodies formed by cutting a standard shape with an oblique 
plane: single integration 
5.135, 136 special applications: double integration 
5.138, 141 5.137, 139 Review problems 
5.142, 144 5.140, 143 
5.145, 148 5.146, 147 
5.C2, C3 5.C1, C4 Computer problems 
5.C5, C6 *5.C7 


CHAPTER 6: ANALYSIS OF STRUCTURES 


TRUSSES 

Method of joints 
6.2,4 6.1,3 simple problems 
6.6, 8 6.5, 7 
6.9, 10 6.11, 12 problems of average difficulty 
6.13, 14 
6.17, 18 6.15, 16 more advanced problems 
6.21, 24 6.19, 20 
6.25, 26 6.22, 23 

6.27, 28 

6.29, 30 designate simple trusses 
6.32, 34 6.31, 33 find zero-force members 
*6.36, *37 *6.35, *38 space trusses 
*6.39, *40 *6.41, *42 

Method of sections 
6.43, 44 6.45, 46 two of the members cut are parallel 
6.47, 48 
6.49, 50 6.51, 52 none of the members cut are parallel 
6.53, 54 6.57, 56 
6.55, 56 6.59, 60 
6.61, 62 6.63, 64 K-type trusses 
6.65, 66 6.67, 68 trusses with counters 
6.69, 70 6.71, 72 Classify trusses according to constraints 
6.73, 74 

FRAMES AND MACHINES 

6.F 1, F4 6.F2, F3 Free Body Practice Problems — Frames 

Analysis of Frames 
6.75, 77 6.76, 78 easy problems 
6.79, 80 6.81, 82 
6.83, 84 6.87, 88 problems where internal forces are changed by repositioning a couple or by 
6.85, 86 6.89 moving a force along its line of action 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 
6.90 replacement of pulleys by equivalent loadings 
6.91, 92 6.93, 94 analysis of frames supporting pulleys or pipes 
6.95, 96 analysis of highway vehicles 
6.97, 98 6.99, 100 analysis of frames consisting of multiforce members 
6.101, 102 6.103, 104 
6.105, 106 
6.107, 108 6.109, 110 problems involving the solution of simultaneous equations 
6.112, 113 6.111, 114 
6.115 6.116 
6.117 6.118 unusual floor systems 
6.119, 120 6.121 rigid and non-rigid frames 
6.F6, F8 6.F5, F7 Free Body Practice Problems — Machines 
Analysis of Machines 
6.122, 125 6.123, 124 toggle-type machines 
6.126, 127 
6.128 
6.131, 132 6.129, 130 machines involving cranks 
6.133, 134 
6.137, 138 6.135, 136 machines involving a crank with a collar 
6.139, 140 robotic machines 
6.143, 144 6.141, 142 tongs 
6.147, 148 6.145, 146 pliers, boltcutters, pruning shears 
6.149, 150 6.151, 152 wrench, find force to maintain position of toggle 
6.155, 156 6.153, 154 force in hydraulic cylinder 
6.157, 158 
6.159, 160 *6.161, *162 gears and universal joints 
*6.163 special tongs 
6.164, 165 6.166, 167 Review problems 
6.169, 170 6.168, 171 
6.173, 174 6.172, 175 
6.C2, C4 6.C1, C3 Computer problems 
6.C6 6.C5 


CHAPTER 7: FORCES IN BEAMS AND CABLES 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 
SI Units U.S. Units Problem Description 


CHAPTER 7: FORCES IN BEAMS AND CABLES 


Internal forces in members 


7.3,4 7.14;2 simple frames 
7.5, 6 
7.9, 10 7.7, 8 curved members 
7.11, 12 7.13, 14 
7.15, 16 7.17, 18 frames with pulleys or pipes 
7.19, 20 
7.21, 22 effect of supports 
7.23, 24 7.25, 26 bending moment in circular rods due to their own weight 
7.27, 28 
BEAMS 
Shear and bending-moment diagrams using portions of beam as free bodies 
7.29, 30 7.31, 32 problems involving no numerical values 
7.33, 34 
7.35, 36 7.37, 38 beams with concentrated loads 
7.39, 40 7.41, 42 beams with mixed loads 
7.43, 44 7.45, 46 beams resting on the ground 
7.41, 48 
7.49, 50 7.51, 52 beams subjected to forces and couples 
7.53, 54 
7.55, 56 7.59, 60 find value of parameter to minimize absolute value of bending moment 
7.51, 58 7.61, *62 


Shear and bending-moment diagrams using relations among w, V, and M 


71.63, 64 7.65, 66 problems involving no numerical values 
7.67, 68 
7.69, 70 7.73, 74 problems involving numerical values 
7.71, 72 7.75, 76 
7.77, 78 7.81, 82 find magnitude and location of maximum bending moment 
7.79, 80 7.83, 84 
7.85, 88 7.86, 87 Determine V and M by integrating w, twice 
7.89, 90 *7.91, *92 Find values of loads given bending moment at two points 
CABLES 
Cables with concentrated loads 
7.93, 94 7.95, 96 vertical loads 
7.97, 98 7.99, 100 
7.101, 102 7.103, 104 horizontal and vertical loads 
7.105, 106 
Parabolic cables 
7.107, 108 7.109, 110 supports at the same elevation 
7.112, 113 7.111, 114 
7.115, 116 7.117, 118 supports at different elevations 
*7.119 Derive analogy between a beam and a cable 
7.120, 121 7.122, 123 use analogy to solve previous problems 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 
*7.124 *7.125, *126 Derive or use d'y/dx’ = w(x) T, 
Catenary 
7.129, 130 7.127, 128 given length of cable and sag or Т, find span of cable 
7.131, 132 
7.133, 136 7.134, 135 given span and length of cable, find sag and/or weight 
7.139, 140 7.137, 138 given span, T , and w, find sag 
7.141, 142 7.143, 144 given Т,, w, and sag or slope, find span or sag 
7.145, 146 *7.147, *148 
*7.151, *152 7.149, * 150 special problems 
*7.153 
7.154, 155 7.156, 158 Review problems 
7.157, 159 7.160, 161 
7.163, 164 7.162, 165 
7.C2, C4 7.C1, C3 Computer problems 
7.C5, C6 


CHAPTER 8: FRICTION 


8.F 1, F4 8.F2, F3 Free Body Practice Problems — Frames 
8.1,2 8.3,4 For given loading, determine whether block is in equilibrium and find friction force 
8.7,9 8.5,6 Find minimum force required to start, maintain, or prevent motion 
8.10 8.8 
8.13, 14 8.11, 12 Analyze motion of several blocks 
8.15, 16 8.17, 18 Sliding and/or tipping of a rigid body 
8.21, 22 8.19, 20 Problems involving wheels and cylinders 
8.25, 26 8.23, 24 Problems involving rods 
8.27, 28 8.29, 30 Analysis of mechanisms with friction 
8.32, 33 8.31,34 
8.35 
8.37, 39 8.36, 38 Analysis of more advanced rod and beam problems 
8.40 8.41, 42 
8.43, 44 8.46, 47 Analysis of systems with possibility of slippage for various loadings 
8.45 
8.48, 49 8.52, 53 Wedges, introductory problems 
8.50, 51 8.57 
8.54, 55 
8.56 
8.59, 64 8.58, 60 Wedges, more advanced problems 
8.65 8.61, 62 
*8.66, *67 8.63 
8.68 8.69, 70 Square-threaded screws 
8.72, 73 8.71, 74 
8.75, 76 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 
8.77, 79 8.78, 63 Axle friction 

8.80, 81 8.84, 87 

8.82, 85 8.88, 89 

8.86, 91 8.90 

8.92, *94 8.93, 97 Disk friction 

*8.95, *96 

8.100, 101 8.98, 99 Rolling resistance 
8.102 


Belt friction 


8.105, 106 8.103, 104 belt passing over fixed drum 
8.107, 108 
8.109, 112 8.110, 111 transmission belts and band brakes 
8.113, 114 8.115, 116 
8.117 
8.118, 119 8.120, 121 advanced problems 
8.124, 125 8.122, 123 
8.126, 127 8.128, 129 
8.132, 133 8.130, 131 derivations, V belts 
8.134, 135 8.136, 137 Review problems 
8.138, 139 8.140, 141 
8.143, 144 8.142, 145 
8.C1, C3 8.C2, C5 Computer problems 
8.C4, C6 8.C7 
8.C8 


CHAPTER 9: DISTRIBUTED FORCES: MOMENTS OF INERTIA 


MOMENTS OF INERTIA OF AREAS 


Find by direct integration 


9.1.3 9.2.4 moments of inertia of an area 
9.6, 8 9.5, 7 
9.9, 12 9.10, 11 
9.13, 14 
9.15, 17 9.16, 18 moments of inertia and radii of gyration of an area 
9.19, 20 
9.21, 22 9.23, 24 polar moments of inertia and polar radii of gyration of an area 
9.25, 26 9.27, 28 
*9.29 *0.30 Special problems 
Parallel-axis theorem applied to composite areas to find 
9.31, 33 9.32, 34 moment of inertia and radius of gyration 
9.35, 36 
9.39, 40 9.37, 38 centroidal moment of inertia, given / or J 
9.41, 42 9.43, 44 centroidal moments of inertia 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 
9.47, 48 9.45, 46 centroidal polar moment of inertia 
centroidal moments of inertia of composite areas consisting of rolled-steel 
shapes: 
9.49, 52 9.50, 51 doubly-symmetrical composite areas 
9.54, 55 9.53, 56 singly-symmetrical composite areas (first locate centroid of area) 
Center of pressure 
9.58, *60 9.57, 59 for end panel of a trough 
9.61, 62 for a submerged vertical gate or cover 
*9.64 *9.63 used to locate centroid of a volume 
*0.65 *0.66 special problems 


Products of inertia of areas found by 


9.67, 68 9.69, 70 direct integration 
9.71, 72 9.73, 74 parallel-axis theorem 
9.75, 78 9.76, 77 


Using the equations defining the moments and products of inertia with respect to 
rotated axes to find 


9.79, 80 9.81, 83 Ie. у, Гоу for a given angle of rotation 
9.82, 84 
9.85, 86 9.87, 89 principal axes and principal moments of inertia 
9.88, 90 

Using Mohr's circle to find 
9.91, 92 9.93, 95 Ie, Ty, Dey for a given angle of rotation 
9.94, 96 
9.97, 98 9.99, 100 principal axes and principal moments of inertia 

9.101, 102 

9.104, 105 9.103, *106 
9.107, 108 9.109, 110 Special problems 

MOMENTS OF INERTIA OF MASSES 

Mass moment of inertia 
9.111, 112 9.113, 114 of thin plates: two-dimensions 
9.117, 118 9.115, 116 
9.119, 120 9.121, 122 of simple geometric shapes by direct single integration 
9.123, 125 9.124, *126 
9.128 9.127 and radius of gyration of composite bodies 
9.129, 130 9.131, 134 special problems using the parallel-axis theorem 
9.132, 133 
9.135, 136 9.138, 139 of bodies formed of sheet metal or of thin plates: three-dimensions 
9.137, * 140 
9.141, 142 9.143, 144 of machine elements and of bodies formed of homogeneous wire 
9.145, 148 9.146, 147 

Mass products of inertia 
9.149, 150 9.151, 152 of machine elements 
9.153, 154 of bodies formed of sheet metal or of thin plates 
9.155, 156 
9.157, 158 9.159, 160 of bodies formed of homogeneous wire 
9.162 9.161 Derivation and special problem 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 
9.165, 166 9.163, 164 Mass moment of inertia of a body with respect to a skew axis 
9.169, 170 9.167, 168 
9.171, 172 
9.175, 176 9.173, 174 Ellipsoid of inertia and special problems 
9.177, 178 
*9.179, *180 *0.182, *183 Principal mass moments of inertia and principal axes of inertia 
*9.181, *184 
9.187, 188 9.185, 186 Review problems 
9.189, 193 9.190, 191 
9.194, 195 9.192, 196 
9.C3, C5 9.C1, C2 Computer problems 
*9.C7, *C8 9.C4, C6 


CHAPTER 10: METHOD OF VIRTUAL WORK 


For linkages and simple machines, find 


10.1, 3 10.2, 4 force or couple required for equilibrium (linear relations among displacements) 
10.5, 6 10.7, 8 
10.71, 12 10.9, 10 force required for equilibrium (trigonometric relations among displacements) 
10.13, 14 
10.17, 18 10.15, 16 couple required for equilibrium (trigonometric relations among displacements) 
10.21, 22 10.19, 20 force or couple required for equilibrium 
Find position of equilibrium 

10.23, 24 10.25, 26 for numerical values of loads 
10.27, 28 
10.29, 32 10.30, 31 linear springs included in mechanism 
10.33, 34 10.36, 38 
10.35, 37 
10.39, 40 torsional spring included in mechanism 
10.43, 44 10.41, 42 Problems requiring the use of the law of cosines 

10.45, 46 
10.48, 50 10.47, 49 Problems involving the effect of friction 
10.51, 52 

Use method of virtual work to find: 

10.53, 54 reactions of a beam 
10.55 10.56 internal forces in a mechanism 

10.57, 58 movement of a truss joint 


Potential energy method used to 


10.62, 63 10.59, 60 solve problems from Sec. 10.4 
10.64, 65 10.61, 66 
10.67 10.68 establish that equilibrium is neutral 
find position of equilibrium and determine its stability for a system involving: 
10.69, 72 10.70, 71 gears and drums 
10.73, 74 torsional springs 
10.77, 78 10.75, 76 linear springs 
10.79, 82 10.80, 81 
10.85, 86 10.87, 88 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 


https://gioumeh.com/product/vecto9UMmechanics-for-engineers-solution/ 


TABLE П: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units U.S. Units Problem Description 

10.83, 84 two applied forces 
determine stability of a known position of equilibrium for a system with 

10.89, 93 10.90, 91 one degree of freedom 

10.94, 96 10.92, 95 

*10.97, *98 *10.99, *100 two degrees of freedom 

10.103, 104 10.101, 102 Review problems 

10.105, 107 10.106, 108 

10.711, 112 10.709, 110 

10.C2, C3 10.C1, C4 Computer problems 

10.C5, C6 

10.C7 


* Problems which do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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MN PROBLEM 2.1 


Two forces are applied as shown to a hook. Determine graphically the 
magnitude and direction of their resultant using (a) the parallelogram law, 


(b) the triangle rule. 


SOLUTION 


(a) | Parallelogram law: 


A 


(b) Triangle rule: 


R =1391 N 27 47.8°4{ 


We measure: R=1391 kN, a= 47.8° 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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oh PROBLEM 2.2 


Two forces are applied as shown to a bracket support. Determine 
graphically the magnitude and direction of their resultant using 
(a) the parallelogram law, (b) the triangle rule. 


500 Ib 


SOLUTION 


(a)  Parallelogram law: 


€ ~ 
/ 4 v 
2R 
p = 
Р 
Р Й 
A жы ^ 
oM 
(b) Triangle rule: 
9 IN rx 
"d E js 
y 5oo to 
/ № K 
/ A fadi 
^ 3 e \ ~ 
X GLO* \ 
£ X 60" { - 
We measure: R — 906 Ib, o, — 26.6? R = 906 Ib «726.6? « 
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PROBLEM 2.3 


Two forces P and Q are applied as shown at Point A of a hook support. Knowing that 
Р —'I5N and Q=125N, determine graphically the magnitude and direction of 
their resultant using (a) the parallelogram law, (5) the triangle rule. 


SOLUTION 


(a)  Parallelogram law: 


(b) Triangle rule: 


We measure: R=179N, a=75.1° R=179N © 75.1? 
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PROBLEM 2.4 


Two forces P and Q are applied as shown at Point A of a hook support. Knowing that 
P =60 lb and Q —25 Ib, determine graphically the magnitude and direction of their 
resultant using (a) the parallelogram law, (5) the triangle rule. 


SOLUTION 


(a) Parallelogram law: 


бо o 


(b) Triangle rule: 


25 \b 
We measure: R=T77.11b, a=85.4° R=77.1lb 7 85.4? 
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BEN P PROBLEM 2.5 


SUBE A stake is being pulled out of the ground by means of two ropes as shown. 
Knowing that a = 30°, determine by trigonometry (a) the magnitude of 
the force P so that the resultant force exerted on the stake is vertical, (b) 
the corresponding magnitude of the resultant. 


SOLUTION 


Using the triangle rule and the law of sines: 


DON p 
= P =101.4N 
(a) sin30? — sin25? < 
(b) 30? + B 4-25? =180° 
8 — 180? — 25? — 30° 
— 125? 
120N T 
z R —1966N <q 


sin30°  sin125? 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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\ PROBLEM 2.6 


4 A telephone cable is clamped at А їо the pole AB. Knowing that the 

1 tension in the left-hand portion of the cable is T,= 800 Ib, determine 
by trigonometry (a) the required tension T, in the right-hand portion if 
the resultant R of the forces exerted by the cable at A is to be vertical, 
(b) the corresponding magnitude of R. 


T, 


SOLUTION 


Using the triangle rule and the law of sines: 


(a) 75° + 40? + a —180? 
a = 180° — 75? — 40° 
— 65? 
ui —Ó T,—8531b «4 
sin65° віп75° i 
800 Ib R 
(b) = К = 5671 


sin65° 5іп40° 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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\ РЕОВГЕМ 2.7 


A telephone cable is clamped at А to the pole AB. Knowing that the 
tension in the right-hand portion of the cable is T, — 1000 Ib, determine 
by trigonometry (a) the required tension T, in the left-hand portion if 
the resultant R of the forces exerted by the cable at A is to be vertical, 
(b) the corresponding magnitude of R. 


T 
1 T, 


SOLUTION 


а 


Using the triangle rule and the law of sines: 


(a) 75? + 40° + 8 =180° 
B =180° — 75? — 40° 
= 65° 
T, 
аа. T, = 93815 
sin75° 5іп6б5° 
(b) Е К = 665 16 «4 


510 75° 5іп40° 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.8 


A disabled automobile is pulled by means of two ropes as 
shown. The tension in rope AB is 2.2 kN, and the angle a is 
25°. Knowing that the resultant of the two forces applied at 
A is directed along the axis of the automobile, determine by 
trigonometry (a) the tension in rope AC, (b) the magnitude 
of the resultant of the two forces applied at A. 


SOLUTION 


1&0" -30°- 25° = 125* 


Using the law of sines: 


Tic В — 22kN 


sin30?  sinl25?  sin25? 


T, c = 2.603 kN 
R =4.264 kN 


(a)  T,,-—2.60kN «4 


(b) R—426kN «4 


Copyright € McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.9 


A disabled automobile is pulled by means of two ropes as 
shown. Knowing that the tension in rope AB is 3 kN, 
determine by trigonometry the tension in rope AC and the 
value of a so that the resultant force exerted at A is a 
4.8-kN force directed along the axis of the automobile. 


SOLUTION 
TAB 
R= 4,8 kN 
M E Тус? = G KN)? + (4.8 KN)? — 2 kNY4.8 kN)cos 30° 
Тус = 2.6643 kN 

Using the law of sines: sina _ sin30 

3kN 2.6643 kN 

о = 343° 
Tac = 2.66 KN \34.3° 4 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.10 
50N 
25° [ Two forces are applied as shown to a hook support. Knowing that the 
> magnitude of P is 35 N, determine by trigonometry (a) the required 
2 angle o if the resultant R of the two forces applied to the support is to 
be horizontal, (5) the corresponding magnitude of R. 
P 
SOLUTION 
SON 
Using the triangle rule and law of sines: P= з5м = 
sina sin 25° a R L— 
a E 
a SON 35N — 
sin a = 0.60374 
a = 37.138" а = 37.1° 4 
(b) a+ 8 + 25? = 180? 
B =180° — 25° — 37.138? 
= 117.862? 
A DN R-7312N «4 
sinll7.862?  sin25* 


Copyright € McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.11 


A steel tank is to be positioned in an excavation. Knowing 
that a = 20°, determine by trigonometry (a) the required 
magnitude of the force P if the resultant R of the two 
forces applied at A is to be vertical, (b) the corresponding 
magnitude of R. 


SOLUTION 
R 
Using the triangle rule and the law of sines: 
(a) B + 50? + 60° = 180° 
B =180° — 50° — 60° 
= 70° 

425 Ib P ТИР 

5іп 70° 51п60° 
(b) „сны. К = 346 lb 


sin70° віп 50° 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.12 


A steel tank is to be positioned in an excavation. Knowing 
that the magnitude of P is 500 Ib, determine by 
trigonometry (a) the required angle a if the resultant R of 
the two forces applied at A is to be vertical, (b) the 
corresponding magnitude of R. 


SOLUTION 


Using the triangle rule and the law of sines: 


(a) (a + 30°) 4- 60? + 8 =180° 

8 —180? — (a + 30°) — 60° 

8 = 90° – а 

510 (90° —a) |. sin60? 
4251b 5001 
90° — a = 47.402° а = 42.6° 4 
(b) — =”! R=55llbq 
sin (42.598° + 30°) sin60? 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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425 lb P PROBLEM 2.13 
NA 


A steel tank is to be positioned in an excavation. Determine by 
trigonometry (a) the magnitude and direction of the smallest 
force P for which the resultant R of the two forces applied at A 
is vertical, (b) the corresponding magnitude of R. 


SOLUTION 


I-g 


The smallest force P will be perpendicular to R. 


(a) P = (425 Ib)cos30° P = 368 lb — < 


(b) К = (425 Ib)sin30? К = 2131 « 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.14 
50N 
25° i For the hook support of Prob. 2.10, determine by trigonometry (a) the 
> magnitude and direction of the smallest force P for which the resultant 
& R of the two forces applied to the support is horizontal, (b) the 
corresponding magnitude of R. 
P 
SOLUTION 


^ 
The smallest force P will be perpendicular to R. 
(a) P —(50 N)sin 25° P-211N|«4 
(b К = (50 №соѕ 25° к= 453% 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.15 


The barge B is pulled by two tugboats A and C. At a given 
instant the tension in cable AB is 4500 Ib and the tension 
in cable BC is 2000 lb. Determine by trigonometry the 
magnitude and direction of the resultant of the two forces 
applied at B at that instant. 


SOLUTION 


7,57 4506 |b 
Е Cp IN 7 TĀ 
* M & x AX. p = 7000 Ib 
am 
€ е 
~ UK F 
— 4 "E? X x 


Using the law of cosines: 
В —180? — 30° — 45? 
8B =105° 


R? = (4500 1b)" + (2000 1b) — 2(4500 16)(2000 Ib) cos 105° 
R = 5380 Ib 


Using the law of sines: 
К _  20001b 
sin б sin(30° — a) 
538015 2000 Ib 
sin105°  sin(30*—a) 


a = 8.94? 
R = 5380 Ib 478.94? 4 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.16 


600 N 


Solve Prob. 2.1 by trigonometry. 


PROBLEM 2.1 


Two forces are applied as shown to a hook. Determine graphically the 
magnitude and direction of their resultant using (a) the parallelogram law, 
(b) the triangle rule. 


SOLUTION 


Using the law of cosines: 


R? = (900 N)? +(600N)* 
— 2(900 N )(600 N)cos (135?) 
R —1390.57N 


i — 30° sin(135?) 
Using the law of sines: sin(a—30°)  sin( 


600N 1390.57N 
a —30? =17.7642° 


а = 47.164? 


R—139IN 4747.8? € 


Copyright € McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.17 


Solve Problem 2.4 by trigonometry. 


PROBLEM 2.4 Two forces P and Q are applied as shown at Point A of 
a hook support. Knowing that Р = 6016 and Q=25 16, determine 
graphically the magnitude and direction of their resultant using (a) the 
parallelogram law, (5) the triangle rule. 


SOLUTION 
Using the triangle rule and the law of cosines: 
20? + 35° + a = 180? 
о = 125° 
R? = P? +Q? -2PQ cosa 
R? = (60 lb)” + (25 Ib? 


—2(60 Ib)(25 Ib) cos125? 
R? = 3600 + 625 + 3000(0.5736) 
R = 77.108 Ib 


sing _ sin 125° 


25 1b 77.108 lb 
8 =15.402° 


70? 4- 8 — 85.402? R=77.1lb 7 85.4° 4 


Using the law of sines: 


Copyright € McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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120N P PROBLEM 2.18 


For the stake of Prob. 2.5, knowing that the tension in one rope is 120 N, 
determine by trigonometry the magnitude and direction of the force P so 
3, that the resultant is a vertical force of 160 N. 


PROBLEM 2.5 A stake is being pulled out of the ground by means of two 
ropes as shown. Knowing that a = 30°, determine by trigonometry (a) the 
magnitude of the force P so that the resultant force exerted on the stake is 
vertical, (b) the corresponding magnitude of the resultant. 


SOLUTION 


Ф/ E 
fu 
É | R-160 ! 
| ОМ е 
- 


Using the laws of cosines and sines: 


P? = (120 NY 4- (060 NY —2(120 N)(160 N)cos25? 
P = 72.096 N 
aud sina Е sin 25° 
120N 72.006 N 
sin a = 0.70343 
о = 44.703? 


P=72.1NV 447° 4 


Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior 
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PROBLEM 2.19 


Two structural members A and B are bolted to a bracket as shown. 
Knowing that both members are in compression and that the force 
is 10 kN in member A and 15 kN in member B, determine by 
trigonometry the magnitude and direction of the resultant of the 
forces applied to the bracket by members A and B. 


SOLUTION 


Using the force triangle and the laws of cosines and sines 


We have y = 180° — (40° + 20°) 
= 120° 
Then R? = (10 kN? + (15 kN? 
—2(10 kN)(15 kN) cos120° 
= 475 kN? 
R=21.794 kN 


15kN 21.794 KN 


and 


sina sin120° 
sina = ыз КЕМ. sin 120° 
21.794 kN 
= 0.59605 
a = 36.588? 
Hence: ф = a + 50? = 86.588? R = 21.8 kN xz 86.6? 
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PROBLEM 2.20 


Two structural members A and B are bolted to a bracket as shown. 
Knowing that both members are in compression and that the force 
is 15 kN in member A and 10 kN in member B, determine by 
trigonometry the magnitude and direction of the resultant of the 
forces applied to the bracket by members A and B. 


SOLUTION 


Using the force triangle and the laws of cosines and sines: 


We have y —180? — (40° + 20?) 
=120° 
Тһеп R? = (15 kN)? + (10 КЇ)? 
—2(15 kN)(10 kN)cos120° 
= 475 kN? 
R = 21.794 kN 
10 КҸ 21.794 kN 
апа = 
sina sin120° 
sina = LORN sin120° 
21.794 KN 
= 0.39737 
a = 23.414 
Hence: ф= а + 50° = 73.414 R = 21.8 kN * 73.4? 
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y PROBLEM 2.21 


Determine the x and y components of each of the forces shown. 


e—a 84 in. —_+| 


96 in. 
80 in. 


LL 
= 


90 in. 


SOLUTION 


Compute the following distances: 


ОА = (84)? + (80 


=116 in. 
ОВ = 41(28)> + (96)? 
= 100 in. 
ОС = (48)? + (90)? 
= 102 in. 
84 
29-Ib Force: Е. = +(29 ШТ, F, = +21.0 Ib E 
80 
F, = +(29 16) — F, = +20.0 1b «q 
: 116 i 
28 
50-Ib Force: F, — —(50 Denm F, — —14.00 Ib « 
Е —-H50 л F, = 448.0 Ib « 
› 100 — 
48 
5]-Ib Force: F, = +(51 I Е, = +24.0 lb 
90 
F ——(511b) — Е = —45.0 Ib 
, ( 102 y < 
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y PROBLEM 2.22 
m—— 800 ——- Determine the x and y components of each of the forces shown. 
Dimensions 
in mm 800 N Pd | 
600 
0 | 
x 
| 424 N 408 N 
900 
| | | 
/ \ 
/ \ 
— 560 +480 > 
SOLUTION 


Compute the following distances: 


ОА = (600) + (800 


=1000 mm 
OB = (560)? + (900)? 
= 1060 mm 
OC = 4|(480)2 + (900)2 
= 1020 mm 
800-N Force: Е = +(800 yo Е = +640 № «4 
x -1000 i J 
600 
F, = +800 N) — Е = +480 N 
› ( ) T000 ) < 
560 
424-N Force: Е, = —(424 N)—— F.=-224N «4 
i 1060 * 
900 
Е 2—(424 N) — Е =—360N 
ЖЕ 7060 y < 
_ 480 
408-N Force: Е, = +(408 N) — Е, = +192.0 N «4 
i 1020 ‚ 
900 
Е =—(408 N)— Е =—360N 
У ( 7020 ? < 
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PROBLEM 2.23 
Determine the x and y components of each of the forces shown. 
SOLUTION 
B. ,^ i 
| 
É EE dia 
i t на У 
350-N Force: Е, = +(350 N)cos25° F.=+317N q 
F, = +6850 N)sin 25° F, = +147.9 N 4 
800-N Force: Е, = +(800 N)cos 70? F.=+274N q 
F, = +(800 N)sin 70° F, = +752 N 4 
600-N Force: Е, = —(600 N)cos60° F.=-300N «4 
F, = +(600 N)sin60° F, = +520 N « 
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y PROBLEM 2.24 
Determine the x and y components of each of the forces shown. 
120 ib 
SOLUTION 
SE ы. j 30 e = 
o y^ s m 
< ч УТ“ 8olb 
^ \ 
ù 120 Ib 
80-Ib Force: Е, = +80 16) соѕ30° Е, = +69.31ь <q 
F, = —(80) lb)sin 30° F, = —40.0 Ib <q 
120-Ib Force: Е, = +(120 Ib)cos 75? Е, = +3111 < 
Р, = —(120 Ib)sin 75° F, = —115.9 lb « 
150-1Ь Force: Е, = —(150 Ib) cos 40° Е, -—1149 Ib < 
F, = —(150 lb)sin 40° F, = —96.4 lb <q 
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